Purpose Physical activity is a modifiable lifestyle risk factor in prevention of breast cancer. Mammographic density (MD) is a strong risk factor for breast cancer. We investigate the association of regular physical activity with MD. Methods For 5,703 women who participated in the Danish Diet, Cancer and Health cohort (1993)(1994)(1995)(1996)(1997) and attended mammographic screening in Copenhagen (1993Copenhagen ( -2001, MD was assessed at the first screening after cohort entry. MD was defined as a binary measure equivalent to Breast Imaging Report and Data System (BI-RADS) to either mixed/dense or fatty. Participation and duration in physical activities (hours/week) and confounders were assessed by questionnaire at cohort baseline. Logistic regression was used to estimate associations [odds ratios (OR), 95% confidence intervals (CI)] between physical activities and MD. Results 56.3% of women had mixed/dense MD and 47.6% participated in sports. We found a significant positive association between participation in sports (OR 1.15; 95% CI 1.03-1.28) and do-it-yourself work (1.17; 1.05-1.31) and odds of having mixed/dense MD, which attenuated (1.08; 0.96-1.22 and 1.11; 0.98-1.25, respectively) in a fully adjusted model. No associations were found for time spent on physical activities or total metabolic equivalent of task scores with MD, in fully adjusted models. There was no effect modification of association between any physical activities and MD by obesity (BMI ≥ 30 kg/m 2 ) and menopause status. Conclusions Physical activity is not a determinant of MD. 
Introduction
Physical activity is recognized as a modifiable lifestyle risk factor in primary prevention of breast cancer. It is well established that regular physical activity is associated with a reduced risk of breast cancer [1] [2] [3] [4] [5] [6] . A meta-analysis found that physically active women have 12% reduced risk of breast cancer compared to the inactive women [7] .
Physical activity been hypothesized to reduce breast cancer risk through several mechanisms, including weight loss, obesity prevention, reduced sex hormone exposure, reduced levels of insulin and insulin-like growth factor exposure, induced immune system function, and mechanism of DNA repair [8] . Some of these factors, such as alteration in the metabolism of endogenous hormones, are suggested to influence mammographic density (MD) [8] .
MD is increasingly being used as a biomarker of breast cancer risk, as it is one of the strongest risk factors [9] . MD refers to the amount of radiologically dense breast consisting of epithelial or stromal tissue that appears light on a mammogram, whereas fat tissue appears dark on a mammogram [10] . The density of the breasts can be measured qualitatively according to the Breast Imaging Reporting and Data System (BI-RADS) or quantitatively as the percent mammographic density (PMD). Women of same age and body mass index (BMI), with very dense breasts (> 75% density in the breast), have a four to six times greater risk of breast cancer than women with little density (10-5% density) or fatty breasts [11] .
A number of studies on the association between physical activity and MD have reported inconsistent results [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Most studies found no association between physical activity and MD [20, 21, [23] [24] [25] , whereas some reported an inverse association [12, 14, 22] . Three studies found that the inverse association was more pronounced in obese (body mass index (BMI) ≥ 30 kg/m 2 ) and overweight (BMI 25.0-29.9 kg/m 2 ) postmenopausal women [13, 15, 17] . Furthermore, few studies detected a weakly positive association between physical activity and MD, which was attenuated after adjustment for BMI [16, 18, 19] . The purpose of this study is to evaluate the association of leisure, transport-related, and occupational physical activity with MD for the first time in Danish population of women participants of the Danish Diet, Cancer and Health (DCH) cohort.
Population and methods

Danish Diet, Cancer and Health cohort
Between 1993 and 1997, a total of 160,725 persons (72,729 women), 50-64 years of age, born in Denmark, living in Copenhagen or Aarhus (the two largest cities in Denmark), and with no record of cancer in the Danish Cancer Registry, were invited to participate in the Danish prospective diet, cancer and health (DCH) cohort. In total 57,053 people, of whom 29,875 were women (37% of invited women and 7% of the entire Danish female population in this age group), accepted the invitation and participated in the study and answered a detailed questionnaire on diet, health, education, occupation, history of diseases, and other health-related items. Waist circumference (cm), height (cm), and weight (kg) were measured at the day of recruitment and BMI (weight 2 /height) was calculated. A detailed description of the DCH cohort has been published previously [26] .
Study cohort
The study sample consists of 5,703 (1,202 pre-and 4,501 postmenopausal) women above the age 50 years who participated in DCH cohort between 1993 and 1997 and attended the Copenhagen mammography screening program between 1993 and 2001.
Physical activity assessment
Physical activity information was collected by a self-administered, interviewer-checked questionnaire in which leisure time and utilitarian transport-related (traveling to and from work, shopping, etc., for walking and cycling) physical activity was reported as hours/week spent on sports, cycling, gardening, walking, housework, and 'do-it-yourself' activities. Information was collected separately for winter and summer of the previous year, and the two values were averaged, so that being active implies at least half of an hour spent on a specific activity per week. The physical activity questions have been validated [27] and categorized into four levels (no activity, 0.5-2.0 h/week, 2.0-4.0 h/week, and ≥ 4 h/week). The total energy per week spent on leisure time physical activity was evaluated using the metabolic equivalent (MET) score, defined as the ratio of working metabolic rate to a standard metabolic rate, where one MET corresponds to resting metabolic rate obtained during quiet sitting [28] . To calculate the summed MET score, the time spent on each leisure time activity was weighted with a scalar according to the presumed intensity of the activity and summed for all activities [29] . According to the Compendium of physical 1 3
activities [30] , the following MET values were used: walking 3.0, cycling 6.0, gardening 4.0, sports 6.0, do-it-yourself work 4.5, and household work 3.0. Physical activity at work was assessed in five categories: sedentary (mainly sitting), standing, light manual, heavy manual, or unemployed. Separate questions on physical activity at work were assessed in five categories: sedentary, standing, light manual, heavy manual, or unemployed.
MD measurement
The Copenhagen mammography screening program started in 1991 and targeted about 40,000 women aged 50-69 years at the start of each biennial invitation round resulting in 134,640 women who participated in screening between 1991 and 2001 [31, 32] . In this study, we included women who participated in Copenhagen mammography screening and in DCH cohort, and chose the single MD reading closest to, but subsequent to the cohort baseline in 1993-1997, when physical activity data were assessed. One radiologist was in charge of the screening which took place at a single Copenhagen hospital. All screens were taken by radiographers or X-ray nurses and evaluated independently by two trained radiologists who did not meet the attending women, unless they were recalled for assessment. Two-view mammography was taken on the first screen, on both breasts, a craniocaudal and oblique. MD is defined as a binary measure of either as fatty breasts, equivalent to Breast Imaging Reporting and Data System (BI-RADS, Atlas, 2008) density code 1 and part of code 2, or as mixed/dense breasts, equivalent to part of BI-RADS code 2, 3, or 4. Women with a negative screening and fatty breasts were scheduled to have only an oblique view of both breasts at their next screening, whereas women with a negative screening test and mixed/ dense breasts were scheduled for two-view mammography of both breasts at the next screening. To evaluate MD readings, two radiologist had to come to an agreement on the MD readings. In cases in which readings did not read consensus, the evaluation was send to a third radiologist. We could not estimate inter-reader agreement in this study sample, but very experienced readers have generally high inter-observer agreement in Copenhagen mammography screening program, as documented earlier. This internationally unique dichotomous outcome for MD has been successfully validated showing expected associations with the BI-RADS density classification system with a substantial agreement with inter-rater variability (weighted kappa statistics) of 0.75 [33] . In addition, the Danish dichotomous MD score has been utilized in several earlier studies, showing the expected doubling of breast cancer risk in women with mixed/dense as compared to those with fatty breasts [34] , as well as showing strong inverse association with BMI in children [35] , inverse association with active smoking in adult age [36] , no association with air pollution [37] , significant association with higher MD among women with high alcohol consumption in early adulthood [38] , and positive association between current use of HRT with MD and breast cancer risk [39] . We linked the Copenhagen mammography register to the DCH cohort by using the personal identification (CPR) number of the Danish Civil Registration System [40] . We used MD assessed at the first screening after the cohort baseline (1993) (1994) (1995) (1996) (1997) .
Statistical methods
Logistic regression was used to estimate the association of MD with participation (yes, no) in six domains of physical activity (participation in sports, walking, cycling, gardening, do-it-yourself work, and housework), time spent on physical activities (no activity, 0.5-2 h/week, 2-4 h/week, and ≥ 4 h/ week), and occupational physical activity (sedentary, standing, light manual, heavy manual, unemployment). Effects of physical activity were estimated in four steps: (1) crude model, adjusted for age, (2) a model additionally adjusted for the following a priori selected confounders: alcohol intake (g/day), menopause, hormone replacement therapy (HRT) use, HRT duration, number of children, previous benign tumor, age at first birth, smoking (never, previous, current), and education (short education ≤ 7 years, medium education: 8-10 years, long education: > 10 years), and mutual adjustment for other physical activities and occupational physical activity (e.g., to investigate the association between sport and MD we adjusted for cycling, walking, gardening, housework, do-it-yourself work, and for occupational physical activity), and (3) a model additionally adjusted for BMI and waist circumference. To test the effect modification of an association between physical activities and MD by obesity and menopausal status, analyses were conducted separately and in combination for women with BMI ≥ 30 and < 30 kg/ m 2 and for premenopausal and postmenopausal women. Analyses were performed in Stata 14 with logistic function, and presented as odds ratios (OR's) and 95% confidence intervals (CIs). As a sensitivity analyses, we ran relative regression analyses, with glm function (binomial family and log link) in Stata, and presented results as relative risks (RRs) and 95% CIs.
The study was based on the registered and cohort data and was approved by Danish Data Protection Agency. We have obtained informed consent from all the participating women that information about them in health registries can be obtained.
Results
Compared to the entire cohort, participants of this study were older, more likely to be nulliparous, HRT users, overweight, physically inactive, and less educated (online source 1). The mean time between recruitment and mammographic screening at which MD was assessed was 1 year. The mean age at the cohort baseline was 56.2 years, and the majority of women (56.3%) had mixed/dense breasts (Table 1) . Women with mixed/dense breasts were younger, had lower BMI, lower waist circumference, were more likely premenopausal and HRT users, were more likely to have had previous benign tumor, to be nulliparous, had lower mean number of children, higher alcohol consumption, and had higher education level than women with fatty breasts.
Women with mixed/dense MD were more likely to participate in sports, cycling, and do-it-yourself work, but the energy spent on total activity as measured by the MET score was almost identical in women with fatty and mixed/ dense breasts. Compared to women with fatty breasts, more women with mixed/dense MD had a sedentary occupation, and fewer were unemployed.
47.6% participated in sports, 92.7% walking, 70.2% cycling, 52.2% gardening, 98.6% housework, and 39.1% do-it-yourself work ( Table 1 ). In the crude models we found a significant positive association between participation in sports (OR 1.15; 95% CI 1.03-1.28), cycling (1.09; 95% CI 0.97-1.31), do-it-yourself work (OR 1.05; 95% CI 1.05-1.31), and odds of having mixed/dense MD ( Table 2 ). In the fully adjusted models, there was a weak, statistically insignificant association between participation in sports (OR 1.08; 95% CI 0.96-1.22), cycling (OR 1.08; 95% CI 0.95-1.23), gardening (OR 1.04; 95% CI 0.93-1.17), do-ityourself work (OR 1.11; 95% CI 0.98-1.25) and MD, and none with walking (OR 0.99; 95% CI 0.79-1.24). There was a weak inverse association between housework (OR 0.89; 95% CI 0.53-1.49) and MD (Table 2) . Further adjustment for BMI and weight circumference lowered the OR slightly, for all physical activities. There was no indication of a dose-response relationship between time spent on any of the activities and MD. However, after adjustment for BMI and waist circumference, we found a statistically non-significant inverse association with MD in women participating ≥ 4 h/ week in sports, walking, cycling, and housework. There was association between total MET score or occupational physical activity and MD (Table 2 ). There was no effect modification of association between any of the physical activities and MD by obesity (BMI ≥ 30 kg/m 2 ) or menopausal status separately (Tables 3, 4 ) and in combination (Table 5) . We could not run relative regression analyses for fully adjusted models due to convergence problems. However, we ran crude and age-adjusted models, and as expected, found that associations estimated with relative regression analyses were attenuated (online source 2) as compared to those estimated by logistic regression (Table 2) , strengthening the conclusion that there is a null association between physical activity and MD.
Discussion
From this large prospective cohort study, we did not detect association between leisure time, transport-related, or occupational physical activity and MD. A positive association between certain leisure time physical activities and MD detected in crude models seemed explained by mainly by BMI and waist circumference. In agreement with our findings, three studies suggested weakly positive association between physical activity and MD in unadjusted analysis, which the association attenuated after adjustment for BMI, reproductive factors, and lifestyle variables [16, 18, 19] .
Our finding of no association between physical activity and MD corroborates with the majority of studies on the topic, although the direct comparisons between studies are challenging due to differences in methods for measuring mammographic density and the types of physical activity that were assessed [20, 21, [23] [24] [25] . A systematic review of 20 published studies, Yaghjyan et al. found no evidence of association between physical activity and MD when assessing the timing of physical activity (during adolescence, current/recent, past, and lifetime) and women's menopausal status [25] . In addition, a large study of 1900 women aged 40-93 years did not show any association between physical activity and percent MD in neither preor postmenopausal women [23] . It is important to mention that women included in this study had breast cancer; therefore, the result may not be generalizable to all women.
Although majority of studies found no association between physical activity and MD [20, 21, [23] [24] [25] , few suggested that physical activity may be inversely associated with MD [12, 14, 22] . Gram et al. in 2720 Norwegian women aged 40-56 years found a borderline significant reduction of breast density with high-risk MD pattern assessed by Tabar classification who were highly active as compared with inactive women [12] . In this study, non-significant inverse associations were detected for the total population of 2720 women and in premenopausal women for vigorous physical activity, occupational physical activity, and leisure time physical activity. Lopez et al. investigated the effect of physical in activity and percent MD among 294 Hispanic women older than 40 years, and found association between physical inactivity per day and higher percent MD [14] . Thrih et al. in a Swedish crosssectional study of 38,913 women aged 40-74 years, found that women with high physical activity had lower breast absolute dense volume compared to women with the lowest physical activity level [22] .
In contrast to our results on no association between physical activity and MD in obese women (BMI ≥ 30 kg/ m 2 ), three previous studies reported a statistically significant inverse association between physical activity and mammographic density in women with high BMI [13, 15, 17] . Qureshi et al. in Norwegian cohort of 2218 postmenopausal women aged 50-69 years found evidence of an inverse association between mammographic percent density and physical activity in overweight women [17] . In a longitudinal study of 2000 Mediterranean women, Masala et al. found that there was an inverse association between leisure time physical activity and MD among postmenopausal overweight/obese women [15] . A crosssectional study of 474 US women who reported their physical activity a year before their diagnosis with breast cancer, found no association between physical activity and neither mammographic percent density nor dense area. However, a statistical significant reduction of mammographic percent density and dense area was observed among obese postmenopausal women with higher levels of sport/recreational physical activity [13] ; however, their results may not be generalizable to cancer-free women. Physical activity has been proposed to influence breast cancer risk through several mechanisms, including weight loss, obesity prevention, reduce sex hormones, insulin, and insulin-like growth factor levels, and induce immune system function and mechanism of DNA repair [8] . However, the biological mechanism by which physical activity may affect MD remains unsolved. Previous findings have shown that physical activity could reduce circulating levels of and cumulative exposure to sex steroid hormones during the premenopausal period [41] . In addition, physical activity has been shown to decrease estrogen levels among postmenopausal women, in part by affecting adipose tissue reduction [42, 43] . During the postmenopausal period, adipose tissue is the main source of estrogen biosynthesis.
Previous studies suggested that physical activity may indirectly affect MD by decreasing the estrogen levels production in peripheral tissue among postmenopausal women [42, 43] .
During the postmenopausal when the ovaries do not produce estrogen, estrogens are primarily produced from the conversion of androgens by aromatase enzyme in adipose tissue [44] . Higher levels of estrogen have been linked to high MD during pre-and postmenopausal women [45, 46] . Furthermore, a study of postmenopausal women detected significant inverse association between increasing activity level and circulating testosterone and estradiol and significant positive association with sex hormone-binding globulin [47] . The lack of an overall association between physical activity and MD in the current and previous studies [20, 21, [23] [24] [25] implies that, physical activity influences breast cancer risk through other mechanisms than breast density.
OR odds ratio, CI 95% confidence interval a Adjusted for alcohol intake (g/day), menopause (yes/no), hormone therapy (HT) use (yes/no), HT duration, number of children, previous benign tumor, age at first birth, smoking (never, previous, current), and education (short education (≤ 7 years), medium education (8-10 years), long education (> 10 years), and mutual adjustment for other physical activities and occupational physical activity (e.g., to investigate the association between sport and MD, we adjusted for cycling, walking, gardening, housework, and do-it-yourself work) b Trend test (Cochran-Armitage) between the levels of physical activities (fully adjusted model a ) Major strength of this study was the large, prospective cohort of Danish women with well-defined information on physical activity, determinants of MD, breast cancer risk factors, and possibility of linkage to the Mammography Registry with validated data on MD. This is one of the largest studies to date examining the association between physical activity and MD. We furthermore benefited from detailed data on different types of physical activity including leisure time, transport-related (cycling), and occupational physical activity, while the majority of other studies assessed non-occupational leisure time physical activity only. We also had high proportion of physical active women in the cohort (47.6%), allowing for statistical power to examine associations within various subgroups of physical activity.
There are some limitations in this study that should be considered. We utilized a Danish-dichotomized MD score as mixed/dense or fatty breasts which can measure only large effects on MD, as no other measure of MD was available. However, this dichotomous outcome has been utilized in earlier studies of MD and breast cancer mortality [34] , early childhood BMI and MD [35] , active tobacco smoking and MD [36] , alcohol use and MD [38] , air pollution and MD [37] , and HRT use and MD and breast cancer risk [39] . Furthermore, we have successfully validated dichotomous MD measure and found good agreement with BI-RADS [33] . In addition, information on physical activity was not updated after baseline, which might induce some misclassification, but since the average time between cohort baseline and mammographic screening used for MD was 1 year it should not distort the results. Another weakness in this study is the lack of longitudinal data on both physical activity and MD measurements which would facilitate the optimal design to study whether change in physical activity is associated with MD change. Finally, in this study, we included women at age of 50 years, at which most women in this age experienced decline in MD; however, in the analyses we accounted for menopausal status and we included both pre-and postmenopausal women. Considering the lack of data on MD change and utilization of crude measure of MD, both of which would likely bias our results toward to null finding. However, since our findings corroborate with majority of studies on this topic, this confirms that, despite limitations in our design, we contribute with novel evidence that physical activity is not a determinant of MD.
In conclusion, in this cohort of women aged 50 years and above, we found no evidence of association between physical activity and MD. Future studies with detailed information on physical activity over a longer period are needed to confirm our finding that physical activity influences breast cancer risk independently from MD. OR odds ratio, CI 95% confidence interval a Adjusted for alcohol intake (g/day), menopause (yes/no), hormone therapy (HT) use (yes/no), HT duration, number of children, previous benign tumors, age at first birth, smoking (never, previous, current), and education (short education (≤ 7 years), medium education (8-10 years), long education (> 10 years), and mutual adjustment for other physical activities and occupational physical activity (e.g., to investigate the association between sport and MD, we adjusted for cycling, walking, gardening, housework, and do-it-yourself work) OR odds ratio, CI 95% confidence interval a Adjusted for alcohol intake (g/day), BMI, waist circumference hormone therapy (HT) use (yes/no), HT duration, number of children, previous benign tumor, age at first birth, smoking (never, previous, current), and education (short education (≤ 7 years), medium education (8-10 years), long education (> 10 years), and mutual adjustment for other physical activities and occupational physical activity (e.g., to investigate the association between sport and MD, we adjusted for cycling, walking, gardening, housework, and do-it-yourself work) OR odds ratio, CI 95% confidence interval a Adjusted for alcohol intake (g/day), BMI, waist circumference hormone therapy (HT) use (yes/no), HT duration, number of children, previous benign tumor, age at first birth, smoking (never, previous, current), and education (short education (≤ 7 years), medium education (8-10 years), long education (> 10 years), and mutual adjustment for other physical activities and occupational physical activity (e.g., to investigate the association between sport and MD we adjusted for cycling, walking, gardening, housework, and do-ityourself work) 
